We report on wide-field imaging of pulsatile microvascular blood flow in the exposed cerebral cortex of a mouse by holographic interferometry. We recorded interferograms of laser light backscattered by the tissue, beating against an offaxis reference beam with a 50 kHz framerate camera. Videos of local Doppler contrasts were rendered numerically by Fresnel transformation and short-time Fourier transform analysis. This approach enabled instantaneous imaging of pulsatile blood flow contrasts in superficial blood vessels over 256 x 256 pixels with a spatial resolution of 10 microns and a temporal resolution of 20 ms.
978-1-4673-9158-0/15/$31.00 (02015 IEEE bra1 cortex [15] - [17] and the retina [17] , [18] . Nowadays, high throughput cameras provide detection bandwidths compatible with time-resolved measurements of optical phase fluctuations resulting from light-tissue interaction. In this context, and in contrast with self-interference imaging methods, off-axis holographic interferometry may circumvent the issue of imaging at extremely low irradiance levels, required to comply with exposure safety limits.
I. HOLOGRAPHIC INTERFEROMETRY
The experimental imaging scheme designed for this study is sketched in Fig. 1 ; it consists of a fibered Mach-Zehnder optical interferometer in off-axis configuration. The cerebral cortex of an anesthetized mouse was exposed through a 5 mm x 5 mm craniotomy made above the primary somatosensory cortex of the left hemisphere. The animal was anesthetized by an intraperitoneal injection of urethane (1.7 g/kg). Paw withdrawal, whisker movement, and eyeblink reflexes were suppressed. A heating blanket maintained the rectally measured body temperature at 37°C. The skin overlying the skull was removed and the bone gently cleaned. A metal post was implanted on the occipital bone to maintain the head of the animal during the imaging session. Extreme care was taken not to damage the cerebral cortex, especially during the removal of the dura. The exposed surface of the cortex was protected by an agarose gel (1 %) and a coverslip. Experiments were performed in conformity with the European Community of the interferogram I = Icl 2 + ICLOI 2 + H + H* (where * denotes the complex conjugate) was filtered spatially [19] from the other interferometric contributions.
II. NUMERICAL ANALYSIS
Image rendering of off-axis holograms H(x, y, t) was performed by discrete Fresnel transformation [20] of recorded interferograms I(x, y, t)
where k = 27r /).. is the optical wavenumber, and z = 0.16 m is the hologram reconstruction distance. The calculation grid (x', y') was zero-padded to a 1024 x 1024 pixels array. The squared magnitude of the short-time Fourier transform of H is referred to as the optical signal (2) where G is a finite Gaussian window, centered around zero, spread over ± 2 standard deviations. The width of the frequency line shape (assumed to be zero-mean) of the optical signal S was calculated by the local quadratic mean of the frequency n = V(W2'i, where (w 2 ) (x, y, t) = J S(x, y, t,w)w 2 dw (3) Assessing the perfusion from the first moments of the power spectrum of the detector signal is commonplace for laser Doppler sensors [8] , [21] ; and the Doppler signal is often normalized with the DC signal in the spectrum, in order to cancel : 1-laser amplitude noise, and 2-the spatial inhomogeneity of illumination of the tissue. In our case, normalization had no The temporal evolution of this image is reported in Movie 1. In this video, n was calculated with a time step of rv 2 ms, but the actual temporal resolution is limited by the width of the apodization window rv 20 ms, which also implies that temporal variations are lowpass filtered with a rv 50 Hz cutoff. In Fig. 3 (top) , we reported the spectrum of the optical signal, averaged in the two regions of interest depicted in Fig. 2 , and calculated from a time window of rv 164 ms. In both cases, the signal is found to obey a powerlaw scaling S rv w-f3 , 1 ;S f3 ;S 2. As reported previously [17] , the Doppler spectrum is broader in regions with larger apparent vessels. A frequency sweep of local Doppler spectra of the preparation is reported in Movie 2. Fig. 3 (bottom 
IV. CONCLUSION
We demonstrated experimentally the measurement of superficial microvascular blood flow contrasts in the cerebral cortex of a mouse, exposed through a craniotomy. For that purpose, we designed an off-axis Mach-Zehnder holographic interferometer with a high throughput camera. This approach enabled the observation of pulsatile blood flow in small superficial blood vessels over 256 x 256 pixels with a spatial resolution of 10 microns and a temporal resolution of 20 ms. The total power of the optical radiation impinging on the preparation was 3 m W. Many experiments involving cerebral blood flow monitoring might be hindered by the need for trepanation, but this demonstration could be an important step towards the realization of a retinal blood flow imager.
